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ABSTRACT 


The purpose of this study is to develop appropriate 
trip generation models for use in forecasting future travel 


patterns in Edmonton. 


Since trip generation is the first of four components 
which are used sequentially to forecast future travel 
demand, several constraints are imposed on the form of trip 
generation models by the requirements of the other three 
components. In particular, the modal split component 
attempts to estimate the percentage of people who will make 
their trips by each of the available modes, and therefore 
requires that those people who have a genuine choice of 
travel modes be considered separately from those who are 
captive to a Single mode of travel. The trip generation 
models in this study have therefore been constrained to 
forecast two separate groups of trip-makers: a choice group 
consisting of all trip-makers who have a car available in 
which to make their trip, and a captive group consisting of 


trip-makers who do not have a car available. 


In addition, only peak hour work trips are considered; 
it is shown that in Edmonton, peak hour traffic and transit 
volumes constitute an appropriate basis for designing 
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transportation facilities. Walk trips are not considered in 


this study. 


A review of trip generation models that have been used 
previously in Edmonton and Tea here in North America shows 
that the majority have based their forecasting ability on 
variables such as population and employment; such a 
dependency on variables that are difficult to project is 
considered a major disadvantage of these models. In 
addition, none of the models reviewed categorized trips as 
being choice or captive. Nevertheless, models of this type 
have been verified for and calibrated to work trip data 
coliected in Edmonton in 1971, and the trip production 
models have been modified to include a rational basis for 


splitting total trips into the choice and captive groups. 


The study proposes the hypotheses that work trip 
productions ee a direct result of residential land 
development and that work trip attractions are a direct 
result of non-residential iand development. These hypotheses 
are tested by developing a set of models based on three 
categories of residential land use and five categories of 
non-residential land use. These models, also, are verified 


for and calibrated to data collected in Edmonton in 1971. 


The quantities of land developed within each of the 
land use categories are tangible quantities that appear 
explicitly in the design process for new residential and 
non-residential areas; land use based models, therefore, do 
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not suffer from the dependency on variables that are 
difficult to project. In addition, land use information, in 
the form required by these land use based models, can be 
obtained at a very early stage, allowing proposed 
developments and redevelopments to be evaluated from a 
transportation viewpoint at a much earlier stage in the 


process. 


Finally, the study compares the two kinds of trip 
generation models by simulating the forecasting process. All 
models are recalibrated to data corresponding to zones 
developed prior to 1961 and then used to forecast work trip 
generation levels for the zones developed between 1961 and 


i aa ees 


By comparing these forecasts with the actual values 
measured in 1971, it is shown that none of the models is 
able to predict production and attraction levels accurately. 
The major cause of these inaccuracies is attributed to 
applying the models to zones having ae substantially 
different structure to those used during calibration, a 
Situation which is very likely to arise in the actual 
forecasting process. Suggestions are made for further 


research into methods of overcoming this problen. 


The study concludes that land use based models have 
several advantages for use in Edmonton over traditional 


population and employment based models. 
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There are few large cities which are not experiencing 
increasing difficulty in coping with the demand for urban 
travel. Part of the continuing problem is that most cities 
have limited funds available for investment in new and 
improved transportation facilities and few have developed 
easy methods of confidently deciding which facilities should 
be improved or added to the existing system in order to 


maximize the benefits from their limited investments. 


The problem is further complicated in that it takes 
upwards of five years to fully implement a major new 
facility. This is the time required for detailed design, 
land acquisition and construction and over such a period of 
time travel patterns can change sufficiently to render the 


new facility inadequate or, conversely, redundant. 


It follows that transportation agencies must concern 
themselves not only with identifying and overcoming 
immediate transportation problems but also with developing 
techniques for forecasting probable changes in the demand 
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for transportation during subsequent periods of time. In 
this way 
(i) both short-term and long-term needs for new and 
improved facilities can be determined 
(11) priorities can be set more easily since the above 
information allows a greater appreciation of the 
implications of providing, postponing or not 
providing a particular facility and 
(111) decisions can be made with sufficient lead time to 
efficiently avert many transportation problems as 
opposed to inefficiently reacting to their 


occurrence. 


The first major urban transportation study of 
significance to follow such an approach was conducted in 
Detroit in 1953 (DICKEY, 1975) and since then almost every 
transportation study has employed the same basic strategy 
which consists of the following four phases: (i) inventory 
(ii) analysis (iii) forecast and (iv) evaluation. This 
thesis is concerned with the forecasting phase of what is 


now known as the transportation planning process. 


The process normally used to forecast travel demand 
comprises four components which collectively predict the 
number of trips within each trip purpose that will be made 
by each available mode on each available route during 
different time periods of the day. These four components 
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(i) trip generation - which estimates the production 
and attraction of trips within each traffic zone 

(i) eeELp distribution = which estimates the 
interchange of trips between each pair of traffic 
zones 

(iii) modai split - which estimates how trips between 
each pair of zones will be split among the 
available modes of travel and 

(iv) trip assignment - which estimates how the trips 
within each mode will be assigned to the 


available routes. 


Fach component consists of a set of mathematical 
equations or computational processes known as models and 
each of these models attempts to describe one or more of the 
many dimensions of urban travel in terms of factors that can 
be projected directly and easily to points in the future. 
Normally, such models are formulated, verified and 
calibrated to data collected in the field during the base 
year and, on the assumption that the relationships contained 
in the models remain stable over time, are used to project 
travel patterns to the design year by entering projected 


values of the explanatory factors. 


The objective of this thesis is to develop appropriate 


trip generation models for use in forecasting future travel 
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patterns in Edmonton. 


The following constraints were set up as guidelines for 

the work: 
(i) the models should be shown to have equal or 
superior performance to the kinds of models that 
have been employed previously; 
(ii) the models’ should be restricted in their 
formulation to explanatory factors 
(a) for which data are readily available or easily 
collected in Edmonton; 

(b) which have both a logical and a statistical 
justification for being included; 

(c) which can be determined for future points in 
time more easily than those variables they are 


attempting to explain. 


Boundaries of the research 


Many kinds of trips make up the total demand for travel 
within an urban area such as _ work trips, school trips, 
shopping trips, business trips, social trips, medical trips 
and recreational trips. Trips within each of these 
categories make different demands on a transportation system 
and the peak demand within each category occurs at different 
times of the day. Consequently the total demand for travel 
changes considerably from hour to hour within each day as 


well as from weekday to weekend and from one season to 
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The most consistent heavy demand on a transportation 
System occurs during the morning and afternoon peak hours of 
each weekday. In Edmonton it has been found that traffic and 
transit volumes during an average weekday morning peak hour 
are exceeded approximately 10 percent of the time during the 
course of an average week (City of Edmonton Transportation 
Planning Branch, 1976). FIGURES 1.1 and 1.2 illustrate this 
point. In other words a transportation system designed to 
handle the weekday morning peak hour travel demand will 
efficiently handle the total demand for travel more than 90 
percent of the time. Hence projected morning peak hour 
volumes constitute an appropriate basis for the design of 


transportation facilities in Edmonton. 


Work trips make up approximately 80 percent of all 
automobile trips and close to 100 percent of all transit 
trips that occur during the morning peak hour; it is 
estimated that work trips, which in this study include trips 
made by students to places of higher education, constitute 
85% of morning peak hour trips made by all modes for all 
purposes (City of Edmonton Transportation Planning Branch, 
1976). In addition, the work trip is the most habitual of 
all trips and also the most inelastic, two qualities which 
allow work trips to be modeled more accurately than trips 


made for any other purpose. 


The above reasoning leads to the first boundary of this 
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research: 
'The effort of predicting travel demand for the 
purpose of designing transportation facilities in 
Edmonton will be concentrated on the prediction of 


peak hour home to work trips.! 


The modal split component of the forecasting phase 
estimates how the trips between each pair of zones will be 
split among the available modes of travel. Many 
transportation studies have considered only the auto-driver 
and transit passenger modes; auto-passengers are indirectly 
taken into account by considering vehicle trips rather than 
person trips, and walk trips are ignored on a zone to zone 
basis on the assumption that the heaviest pedestrian volumes 
will occur at the concentrated destinations of trips made by 
other modes. Consequently, most modal split models have been 
developed to split trips into auto-driver trips and transit 
trips and have based this prediction on the comparative cost 


of making the trip by each of these two modes. 


The implicit assumption in this methodology is that all 
trip-makers have the choice of making their trips by 
automobile or by transit, an assumption which is rarely 
justified. In Edmonton, it is current policy to service all 
areas of the City with public transportation (City of 
Edmonton Transportation Planning Branch, 1974a), the 
exceptions to this policy being new subdivisions, both 


residential and industrial, while in the early stages of 
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development. In most North American cities a similar policy 
does not exist so that many trip-makers do not have the 
option of traveling by transit. The option of making a trip 
as an auto-driver depends on the availability of an 
automobile and on the possession of a valid driver's 
license. It is reasonable to assume that a person owning an 
automobile also has a valid license to drive, but it is not 
a reasonable assumption that every trip-maker has an 


automobile. 


In many cities, then, there are four categories of 
trip-makerss 
(i) those who have a choice of traveling by 
automobile or by transit 
(ii) those who are captive to the transit mode 
(i111) those who are captive to the auto-driver mode 


(iv) those who are captive to the auto-passenger mode 


In the City of Edmonton, because of the current policy 
of servicing all developed areas by transit, the third 
category is insignificant; it includes only those people who 
live in partially developed residential areas and those who 
work in partially developed employment zones. In addition, 
auto-passengers cannot be considered truly captive to this 
mode; in the event that the driver of the car in which they 
are a passenger changes mode, they too must change mode and 
it would seem logical that their change would be to transit 


as a captive transit passenger. Auto-passengers, then, can 
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be considered as captive transit riders who are temporarily 


traveling as passengers in other trip-makers' automobiles. 


The above reasoning leads to the second boundary of 
this research: 
‘Only trips made by automobile, as the driver or 
as a passenger, and trips made by transit wiil be 
considered in the trip generation models that are 
to be developed. All trip-makers will be assumed 
to have the option of making their trips by 
transit. However, trip-makers who have a car 
available for their trips, and thus have a genuine 
choice of traveling by automobile or by transit, 
will be considered separately from those who do 
not have a car available and are therefore captive 
to the transit mode. Auto-passengers will be 
assumed to have no car available and will be 
considered as captive transit riders who are 
temporarily making their trips as passengers in 
other trip-makers' cars. Walk trips will be 
ignored on a zone to zone basis on the assumption 
that the heaviest pedestrian volumes will occur at 
the concentrated destinations of trips made by 
automobile and public transportation, and that 
pedestrian problems are better treated as terminal 


design problems rather than network ones.' 
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Chapter II reviews the kinds of trip generation models 
that have been employed previously in Edmonton and elsewhere 


in North America. 


Chapter III summarizes the data requirements of such 


models and presents data that are available in Edmonton. 


Chapter IV discusses the suitability for use in 
Edmonton of previously employed models and presents the 


results of calibrating such models to Edmonton data. 


Chapter V proposes a hypothesis for a different kind of 
trip generation model and presents the results of 


calibrating models of this kind to Edmonton data. 


Chapter VI compares the performance of all models 


calibrated. 


Chapter VII presents the conclusions and 


recommendations arising from this research. 
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CHAPTER I 


ee 


Introduction 


This chapter reviews the kinds of trip generation 
models that have been employed in previous transportation 


studies in Edmonton and elsewhere in North America. 


To facilitate analysis of travel patterns and _ trends, 
and their subsequent use in forecasting future travel 
demand, transportation study areas are usually divided into 
several sub-areas which in this report are referred to as 
traffic zones. FIGURE 2.1 maps the traffic zones that are 
being used in Edmonton; approximately 300 zones cover the 


presently developed area of the City. 


The 


heed for disaggregation 


Chapter I discussed the boundaries of this research in 
terms of the kinds of trips that are being considered. Trips 
can be categorized by the type of trip-maker, by the mode of 
travel, by the time of day that the trip takes place and by 
the purpose of the trip. The selected categories define the 
level of disaggregation at which all the models must be 
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designed to operate. Disaggregation can be viewed as a 


compromise as explained in the following paragraphs. 


Models attempt to simulate reality and to do this 
exactly they must include all factors that influence the 
real-world situation that is being modeled. This task is 
usually aii iucuLe, often impractical and sometimes 
impossible. Transportation models attempt to simulate 
individual trip-making behaviour and the models described in 
this thesis attempt to do so on a collective basis. This 
presents an immediate conflict since all people do not react 


identically in a given situation. 


'Disaggregate models! treat each trip-maker 
individually, an approach which is relatively new in the 
field of transportation modeling and which appears to hold 
considerable promise. However, the data requirements for 
'disaggregate models* are extensive and the difficulty of 
forecasting such data to future time periods presents a 


problem which has yet to be resolved. 


Disaggregating the total trip-making population into 
several groups of trip-makers who have some rational basis 
for making similar travel-related decisions thus provides a 
compromise between treating all people as being the same and 
treating each person individually. It allows a different 
model to be developed for each group of trip-makers. 
TABLE 2.1 summarizes the level of disaggregation selected 


for the models being considered in this thesis. 
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Essentially, two groups of trip-makers are being 


considered out of the many groups that make up the total 
trip-making population. Both groups include only vehicular 
work trips made during the morning peak hour. Vehicular work 
trips are those made by automobile, either as the driver or 
as a passenger, and those made by public transportation. The 
first group, however, contains those trip-makers who have a 
car available in which to make their trip, whereas the 
second group contains those who do not have the availability 
of a car. The first group is referred to as a choice group 
since they have a genuine choice of making their trips by 
automobile or by public transportation. The second group is 
referred to as a captive group since, in most cases, they 


are captive to the public transportation system. 
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Trip generation models 


Trip generation is the first of the four components 
used to forecast the demand for travel. Trip generation 
models estimate the production and attraction of trips 


within each traffic zone. 


There is some confusion over the definitions of the 
terms production and attraction. In this thesis, which deals 
with morning peak hour home-to-work trips only, production 
is defined as the number of morning peak hour vehicular work 
trips, within each group, that originate in a traffic zone, 
and attraction is defined as the number of morning peak hour 
vehicular work trips that terminate in a traffic zone. 
Production is associated with residential activity and 


attraction is associated with employment activity. 


Many other transportation studies deal in terms of 24- 
hour trips, rather than peak hour trips, and during such a 
time period most trips have gone their full cycle. For 
example, a home-to-work trip has led to a work-to-home trip, 
the trip-maker having gone from home to work and back home 
again. These studies maintain the association between trip 
production and residential activity and between trap 
attraction and employment activity but do so at the expense 
of a clear definition of the two terms: a trip production 
can be either the origin or the destination of a trip as can 
a trip attraction, implying that characteristics, such as 


travel time, associated with traveling from point A_ to 
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point B are identical to those associated with traveling 


from point B to point A. 


This difference in terminology creates a minor problem 
when comparing trip generation models that have been used in 
various studies. Other studies are therefore reviewed only 
for the kinds of zonal factors employed in trip generation 
models and the methods by which these models have been 


formulated. 


Previous studies in Edmonton 


The only previous transportation study to be conducted 
in Edmonton is the Metropolitan Edmonton Transportation 
Study (Edmonton District Planning Commission, 1963). This 
study projected 24-hour trips and factored the resulting 
daily traffic volumes to peak hour volumes. The analysis 
portion of this study concluded that in 1961 the amount of 
travel generated by a family was strongly related to the 
income level of the family: when income was high the daily 
trips were numerous and when income was low the daily trips 
were few in number. Automobile ownership and income level 
were found to be strongly related and since more current 
information was available on the former it was used in place 
of income level for the projection of trip production. Trip 
production was based on hand fitted curves of person trips 
per family versus automobile ownership, and trip attraction 


was based on the employment level in each zone. Special 
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attention was given to major employment centres such as the 
central business district, the Government centre and the 


University of Alberta. 


The Regional Municipality of Ottawa-Carleton Planning 
Department (1973) tested ‘hundreds of trip generation 
relationships’. Trips were disaggregated by purpose but not 
by time of day or type of person. Three work trip production 
equations were developed corresponding to three ranges of a 
work participation ratio; each equation expressed ee 
production as a fraction of zonal population. Work trip 


attraction was related directly to total employment. 


Voorhees and Associates (1967), in a study undertaken 
for the Washington Metropolitan Area fransit Authority, 
reported that regression analysis was used to test 
relationships between work trip generation and various 
combinations of variables such as automobile ownership, 
population, dwelling units, labour force and employment. 
However, the equations selected for use in the study related 
work trip production to the single variable of labour force 
and work trip attraction to the single variable of total 
employment. Different generation equations were developed 
for zones within the District of Columbia and for zones 


outside of this central area. 


Sachdev and Leonhardt (1972), in a major update of the 
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Puget Sound regional transportation plans, employed the 
cross-classification (category analysis) method to develop 
trip generation rates for nine trip purposes in terms of 
various classifications of socio-economic and land _ use 
characteristics that can be used to describe activity within 


ah urban area. 


Trip production was related to two groups of variables: 
(i) household characteristics and (ii) environmental 
characteristics. Household characteristics were subdivided 
into average household size, median income of head of 
household and automobiles owned per household. Environmental 
Characteristics included net residential density and gross 
residential density. By using 12 categories of household 
size, 12 levels of car ownership, 14 income levels, 10 
ranges of net residential density and 10 ranges of gross 
residential density, 201,600 distinct combinations resulted 
with which to categorize a particular household. Through a 
process of grouping, these 201,600 categories were reduced 
to 21 classes, resulting from 7 groups of household 
characteristics cross-classified with 3 groups of 
environmental characteristics. A trip production rate was 
calculated for these 21 classes for each of the nine trip 


purposes. 


Trip attraction was related to four activity measures: 
(i) acotal population (ii) total employment (iii) retail 


employment and (iv) school enrollment. Work trip attraction 
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was expressed in terms of total employment only. Seven 
attraction groups were formed to reflect geographic 
differences in the region and an attraction rate was 


calculated for each group. 


The Trip Generation Project Committee (1974) carried 
out an excellent and enlightening review of trip generation 
analysis procedures used in Canadian urban transportation 
planning studies. Eleven Canadian cities contributed 
information on trip production and attraction models 
developed prior to 1971. The Committee found that ail 
studies had employed either category analysis or regression 
analysis techniques to calibrate trip generation models Hae 
considered that many studies had incorrectly applied the 
techniques of multiple linear regression by including, in 
the same equation, two or more explanatory variables that 
were not truly independent of each other. In the Committee's 
opinion, the most frequent violation of this basic principle 
of regression analysis occurred in the formulation of trip 
production equations in which variables such as population, 
dwelling units and car ownership, all of which are measures 
of residential activity in a zone and thus highly colinear, 


were included in the same regression equation. 


In addition, the Committee noted that some other 
equations were irrationally formulated. In particular, 
measures of residential activity, such as population and car 


ownership, had been included in equations for estimating the 
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number of work trips attracted to a zone. 


ee Se eee ed —— = ee ame 


Summary of variables used 


TABLES 2.2 and 2.3 have been compiled, using data from 
the studies mentioned previously, as a summary of the 
variables that have been used in work trip production and 
attraction equations. They also indicate the analytical 
technique that was employed in the development of each 


equation. 


A variety of variables has been used to explain trip 
production including basic variables such as population and 
dwelling units through to composite variables such as labour 
force multiplied by a non-transit index divided by car 


occupancy. 


The majority of trip attraction equations have used 
total employment as a Single independent variable although 
some studies have disaggregated total employment into 
retail, office and other such employment categories and 


utilized these instead of the total employment figure. 


Analytical technigues 


With the exception of the Metropolitan Edmonton 
Transportation Study, all of the studies employed linear 
regression analysis or category analysis techniques in the 


development of trip generation models. The two techniques 
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are Similar to the extent that they both assume that there 
is a response in the number of trips generated (dependent 
variable) that can be explained by the levels of a number of 


other factors (independent variables). 


Linear regression analysis assumes that this response 
surface can be represented by a linear function of the 
independent variables and identifies this function such that 
the sum of the squares of the deviations between the 
observations and the estimated response surface is 
minimized. The resulting function, or regression equation, 
is continuous which allows easy estimation of the response 
level for values of the independent variables other than 
those that were used initially to determine the function. 
The potential danger lies in the ease with which the 


equation can be used unknowingly beyond its limitations. 


Category analysis subdivides the observations into 
several categories according to the levels of the various 
independent variables being considered and an average 
response level is calculated for each of the resulting 
categories. For example, if trip production was related to 
household size and income level, there might be six levels 
of household size ranging from one person to six or more 
persons per household and possibly six levels of income 
ranging from zero to $30,000 and over in $6,000 increments. 
An average trip production level could be calculated for 


households falling into each of the 36 categories (6 
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household sizes cross-classified with 6 income levels). 
Category analysis, therefore, does not assume the response 
surface to be a linear or any other specific function of the 
independent variables; it merely attempts to describe a set 


of points that are known to lie on this surface. 


TABLE 2.4 presents some of the advantages and 
disadvantages of these two techniques and Douglas (1973) 
provides a practical comparison of their application in 


developing trip generation models. 


Summary 


The foregoing section has reviewed the kinds of trip 
generation models that have been employed previously in 
Edmonton and elsewhere in North America. None of the models 
reviewed has categorized trips according to whether or not 
the trip-maker has a choice of travel modes and as such they 
may not be capable of satisfying the constraints imposed 
upon the development of models within this thesis. 
Nevertheless, models of these types have been calibrated to 


Edmonton data and the results presented in Chapter IV. 
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Chapter II discussed the kinds of trip generation 
models that have been employed previously in Banontone and 
elsewhere in North America and TABLES 2.2 and 2.3 have 
Summarized the variables that have been used in developing 
trip production and trip attraction models. This Chapter 
presents the data that are available in Edmonton for 
developing trip generation models of these and other types. 
The data fall into two categories: 

(i) demographic and trip end data 


(11) land use data 


Demographic and trip end data 


The demographic and trip end data include, on a traffic 


zone basis, detaiis of the following variables: 


(1) population 
(ii) dwelling units 
(111) cars (includes all vehicles available for the 


home to work trip) 
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(iv) employed labour force (which constitutes 


approximately 97% of the total labour force) 


(v) employment 

(vi) total peak hour vehicular work trip production 

(vii) peak hour choice vehicular work trip 
production 

(viii) peak hour captive vehicular work trip 
production 

(1x) total peak hour vehicular work trip attraction 

(x) peak hour choice vehicular work trip 
attraction 

(xi) peak hour captive vehicular work trip 
attraction. 


The source of these data is the 1971 Edmonton Civic 
Census (City of Edmonton Transportation Planning Branch, 
1974b). In 1971, four questions were added to the normal 
annual census questionnaire for the specific purpose of 
analyzing work trip travel patterns. These additional 
questions were: 

(i) are you (a) employed? 

(b) a housewife? 
(c) a student? 
(d) retired? 
(e) unemployed? 
And if employed or a student: 
(ii) what is the address of your place of work or 


study? 
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(iii) how do you travel to your place of work or study? 
(a) as an auto-driver? 
(b) as an auto-passenger? 
(c) by transit? 
(d) by walking? 
(e) by some other mode? 

(iv) what time do you start work or study? 

FIGURE 3.1 shows the full questionnaire that was used in 


1971. 


Approximately 130,000 of these questionnaires were 
completed by home interview and details of more than 435,000 
persons living within the City of Edmonton were collected. 
This represents a survey sample of as close to 100 percent 


as is practicable. 


Approximately 167,000 people reported making a trip to 
work or to a place of study on the survey day, and of these: 
(i) 97,000 (58.2%) made their trips as auto-drivers; 
(ii) 14,000 (8.3%) made their trips as auto- 
passengers; 
(iii) 32,000 (19.3%) made their trips by transit; 
(iv) 17,000 (9.9%) walked to work; 
(v) 7,000 (4.3%) made their trips by some other 
mode. 
Of these trips, 88,000 (52.5%) were made during the morning 
peak hour which in this study is defined as being from 


7.30am to 8.30am, based on work starting time. 
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The survey was made primarily at the household level 
and consequently much of the data pertain to households 
rather than to individuals. Car ownership data fall into 
this category and created some problems when used _ to 
classify transit trips as choice or captive. The method used 
was as follows (City of Edmonton Transportation Planning 
BeanGw, a0 97 0))c 

‘At the household level, an automobile was first 

matched to each reported auto-driver work trip. 

Then each reported transit trip was classified as 

being choice if an additional automobile was 

available, or captive if an automobile was not 
available. A particular automobile was considered 

to be available for one transit rider only.' 

The problems inherent in this method are; 

(i) it was assumed that if an automobile was available for 
use by a transit rider then that transit rider had a 
valid license to drive a car; 

(ii) if two or more transit trips originated in a particular 
household and less than this number of additional cars 
were available (but at least one) then, although the 
correct number of transit trips would be classified as 
choice trips, the possibility existed of classifying 


the wrong transit trips as being choice. 


Both of these problems are partially attributable to 


car ownership data being collected at the household level 
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rather than at the individual level. For example, if a 
transit rider owned a car then it would be reasonable to 
assume that this person had a license to drive it. In 
addition, if car ownership data were available on an 
individual basis there would be less confusion as to which 
transit trips were the choice trips. However, problems such 
as these are almost impossible to remove entirely ina 


survey of this magnitude. 


Using car ownership to classify vehicular work trips as 
choice or captive showed that approximately 75% of all 
vehicular work trips fall into the choice group and the 


remaining 25% comprise the captive group. 


FIGURES 3.2 and 3.3 show the breakdown of 24-hour work 
trips and peak hour work trips, respectively, by mode, sex 
and whether they are choice or captive. These figures show 
that approximately twice aS many men are employed as women 
and whereas most men travel to work as auto-drivers, the 
majority of women travel by transit or as auto-passengers. 
It is not unexpected, therefore, that women constitute 
almost 70% of the captive group and only 20% of the choice 


group of trip-makers. 


The breakdown of peak hour work trips by sex and 
whether choice or captive is very similar to the breakdown 
of 24-hour work trips; the deviation is at most 5% £This 
shows that the peak hour fraction is representative of the 


total work trip-making population. The breakdowns by mode 
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Show that the walk and other trips are a less important 
category during the peak hour than they are for work trips 
as a whole. TABLE 3.1 accentuates these points by expressing 
the number of trips within each sub-group, that occur during 
the peak hour, as a percentage of the 24-hour trips within 


that sub-group. 


TABLE 3.1 shows that 52.5% of all work trips occur 
during the peak hour and that the corresponding percentages 
for most sub-groups vary only a few percentage points about 
this overall average. Exceptions to this are trips made as 
auto-passengers, walk trips and trips made by other non- 
specified modes. 62% of auto-passengers travel to work 
during the peak hour implying an auto-occupancy rate which 
varies from a high of 1.16 during the peak hour to a low of 
1.12 during other times of the day. This higher occupancy 
rate during the peak hour reflects both the dependency of 
auto-passengers on auto-drivers and the increased 
opportunities that are available during the peak hour due to 


the concentration of auto-driver work trips. 


Only 33% of walk trips and trips by other non-specified 
modes occur during the peak hour; the remaining 67% occur at 
Other times of the day. This could reflect one or both of 
two things: 

(i) that the higher level of transit service during 

the peak hour and especially the greater 


opportunities for people to travel as auto- 
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TABLE 3.1 
PERCENTAGE OF 2Z4-HOUR WORK TRIP PRODUCTIONS THAT OCCUR 
DURING THE MORNING PEAK HOUR 
r A eeaae Stok ahs: as a i er ook ie eben ito a Scr: cca PAL: Lape SUN Gack EERO ale Oe A 
| PFAK HOUR | 24-HOUR {| PERCENT OF | 
| PRODUCTION SUB-GROUP | WORK TRIP | WORK TRIP | PRODUCTIONS] 
| | PRODUCTIONS {PRODUCTIONSJIN PEAK HOUR| 
pa npn pe mofo +4 
| PRODUCTIONS BY ALL MODES | 87840 | 167237 | 52.5% | 
i MALE WeeeSI Geet. UieC208. af 5.3% | 
| FEMALE Pomes0ok tl 57020" ay 49.1% =| 
poe a { 
| AUTO-DRIVER 1 54948 | 97292 | 56.5% | 
| MALE Cst6S7 a hii 805834 oI Sh a 
| FEMALE 8375 | 16709 | 5021%. «|| 
penn a Te UREERIh EaeEREREEREETEenee tana : 
: TRANSIT frttea96. Gilt 32273~«Y 50.6% | 
MALE GioUM melts 1208015 51.0% | 
FEMALE AO sae ele 20195 ae aI 50.4% | 
{one map fe See 
| AUTO-PASSENGER Savi? Yee Frson ees 62.3% | 
MALE 2002ey i 4669 | C2u0%. | 
FEMALE 5769 | 9245 | 62.4% | 
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passengers are persuading many potential peak 
hour walk trips to travel by transit or as auto- 
passengers; 

(ii) that the majority of walk trips are short, local 
trips made by people who work at local shopping 
centres which normally open for business sometime 


after the morning peak hour. 


However, this thesis concentrates on trips made during 
the morning peak hour by the three major vehicular modes and 
treats them as choice or captive rather than by the specific 
modes of travel. FIGURES 3.2 and 3.3 and TABLE 3.1 show that 
peak hour vehicular work trips, when classified as choice or 
captive, constitute a representative sample of the total 
vehicular work trip-making population and that extracting 
the peak hour fraction for analysis does not lead to a 


distorted picture of trip-making patterns in Edmonton. 


In a city, such as Edmonton, which has increased in 
population by an average of 4% per year for the past 20 
years, there are always areas where new development is 
taking place. These areas have been excluded from the 
analyses described in Chapters IV and V for the following 
reasons: 

(i) developing residential areas are, by definition, 
changing rapidly in terms of population and dwelling 
units, and demographic and trip end data collected ata 


certain point in time are unlikely to correspond to 
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Other data, such as the land use data described in the 
following section, even though both may have been 
collected within a few months of each other. This 
problem is not significant with fully developed and 
other established areas. 

(11) people moving into developing residential areas require 
several months before settling into a regular pattern 
of work trip-making behaviour. In addition, transit 
service to such areas is usually sub-standard until the 
area is 60 to 80 percent populated. Thus many people 
may not be traveling to work by their preferred mode 
and many auto-drivers, who in this thesis are 
automatically considered as choice trip-makers, may in 
fact be temporarily captive to the auto-driver mode. 


Similar arguments apply to developing non-residentiai areas. 


Of the 350 tian fac zones shown in FIGURE 2.1 
approximately 300 were reported as having some activity 
within them in 1971. Of these, 234 have been selected as 
being sufficiently developed and stable _ to facilitate 
meaningful analyses of trip generation characteristics. 
Appendix A contains a list of the demographic and trip end 
statistics for these 234 traffic zones and FIGURES 3.4, 3.5 
and 3.6 show the zonal distribution of population, cars per 
dwelling and employment, respectively. It should be noted 
that since only households within the 1971 City limits were 
surveyed, the trip production figures quoted in Appendix A 


include trips destined to areas both internal and external 
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to the City, whereas the trip attraction figures include 
Only trips that originated within the City limits. This 
explains the difference of 4630 trips between total 


productions and total attractions. 


The land use data contain the quantities, in acres, 
within each traffic zone of the eight land use categories 


listed and defined in TABLE 3.2. 


TABLE 3:2 
LAND USE CATEGORIES AND ZONING CLASSIFICATIONS 
{LAND USE CATEGORY | ZONING CLASSIFICATION? { 
aaa. ee ey 1 
{LOW DENSITY RESIDENTIAL {R1,RC1,R2 | 
I | | 
| MEDIUM DENSITY RESIDENTIAL|R2A,R3,R4,P3,Some R3A, Some R5 | 
1 | 
{HIGH DENSITY RESIDENTIAL |{R6,R7,Some R3A,Some R5 | 
{ | (high-rises having an elevator) | 
Ue SO SUS cere ree Sar ge om Fa a ee ABI Sr 4 
{CENTRAL AREA OFFICE {(C4,C6,Some C5,CC | 
| l i 
| UNIVERSITY-COLLEGE |Higher education facilities { 
| | | 
{INDUSTRIAL {M1,M2,M3 | 
| l { 
| COMMERCIAL iC1,c2,C2A,C3,Sone C54CI7 CO Co. 4 
l l { 
{ INSTITUTIONAL {P1,P2,MA f 
———————————E eee erenereere Livre cae ane ome. J 


1 For a detailed explanation of zoning classifications see 
the City of Edmonton (1970). 

The source of the land use data is the Population and 

Land Use System maintained by the City of Edmonton Planning 


Department. The data correspond to December, 1971. 
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Appendix A contains a list of the land use data for the 234 
traffic zones selected for analysis of trip generation 
characteristics but it should be noted that the City of 
Edmonton Planning Department advised of possible 
inaccuracies in these data. Unfortunately, these are the 
only data of this kind currently available and for this 
thesis must suffice for the testing of hypotheses presented 


in Chapter V. 
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Introduction 
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In this chapter, trip generation models, similar to 
thease that have been used elsewhere, are verified for and 
calibrated to 1971 Edmonton data. These models will be 
referred to as population and employment based models to 
differentiate them from the land use based models introduced 


in Chapter V. 


One of the constraints on the models developed in this 
thesis is that tripmakers should be categorized into two 
groups: (i) those who have a car available in which to make 
their work trip and thus have a genuine choice of travel 
modes to work and (ii) those who do not have a car available 
for their work trip. These two groups are referred to as a 


choice group and a captive group respectively. 


In this thesis, the captive group includes those people 
who travel to work as auto-passengers since they are assumed 
to have no car available. It can be argued that these people 
are not strictly captive since they still retain the option 
of traveling to work by transit. However, auto-passengers 


4b 


ie fe 
ay a a: 


eee | | ea. Ang “a 
of telinze ,eteBbom ao ik2 s20ne0 giad pets mee ni 
his tot bedtiney 1p \srodvoele heap wad oved Sods 
ed Lite akvbon oesd? winds ; mas) ot das 
of alebow Beasd ruoayatane bos Signin 


henuborsad wisbee bewad geu baat eas "send mol? 2 


aR i . 


etd? nit heqoleyeh ate ody ao Ban taateaod, ous te ‘eno On 


ows oped boxinovediag ed) Blood® aredsadhae ‘seas at ake 
gicn oF dobdw we aldalisve 1eD 6 eved odw aod. oe 
tovszt 40 satodd enkanep 2 eved eodd bms aid aie an 
ofdeitsve 280 & ave jou ob edv geod? (i2) bas serait a8 
5 a8 of bowie tex ons eqnoap dw? eaodt qhae tx" skods 

-<towk soos qvox evisgen & et 


alyooq seed cobn Eom gd avitqe» oi3, vsiweds aid 


slqooq =r jad: 
soltge odd alesey 
aropnonaeg-oitis 420 


i 
. 


45 


are considered not to have complete control over their mode 
selection since in the event that the driver of the car, in 
which they are a passenger, changes mode then they too must 
Change mode. As explained in Chapter I, auto-passengers are 
considered as captive transit riders who are temporarily 


traveling as passengers in other tripmakers* cars. 


A variety of trip generation models have been employed 
elsewhere. Chapter II describes some of these models and 
TABLES 2.2 and 2.3 Summarize the independent variables that 
have been used. Several of these models were considered 
statistically invalid due to inclusion of colinear 
variables. Of the remainder, some include variables for 


which data are not available in Edmonton. 
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It will be noted that all trip generation models 
presented in this and subsequent Chapters have been 
developed using the technique of multiple linear regression 
analysis. As discussed in Chapter II, and summarized in 
TABLE 2.4, regression analysis affords considerably more 
flexibility than category analysis in exploratory work such 
as trip generation modeling. It should not be inferred that 
inferior models would result from category analysis but only 
that within the time constraints of this thesis regression 
analysis techniques allow many more relationships to be 


investigated and tested. 
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The following four statistical indicators have been 
used to determine the significance of regression equations: 

(i) the t-statistic, which is a measure of the 
individual significance of the partial regression 
coefficients; 

(ii) the coefficient of determination, (R?2), which is 
the fraction of the total variance in the 
dependent variable that is explained by the 
regression equation; 

(i111) the F-statistic, which gives an overall measure of 
the significance of the regression equation, and 

(iv) the standard error of estimate, which is the 
standard deviation of the dependent variable about 
the regression plane. 

Standard tables, as found in Neville and Kennedy (1966), 
list the critical values of these statistics for various 


levels of significance and degrees of freedom (DF). 


TABLE 4.1 presents the models that have been tested and 
includes the resulting coefficients together with the 


corresponding indicators of statistical significance. 
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Population per zone would appear to be an excellent 
indicator of peak hour work trip production (R2=0.914, 
t+=49.6, DF=232) and appears also to model peak hour choice 


work trip production well (R2=0.910, t=48.5). This latter 
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result is somewhat surprising since an overall population 
indicator has no way of differentiating between those trip- 
makers who have a car available for their trip and those who 
do not, this being the basis for splitting trip-makers into 
the choice and captive groups respectively. This inability 
to differentiate between the status of trip-makers is to 
some extent reflected in the poorer calibration of captive 
peak hour work trip production (R2=0.670, +t=21.7) although 


this relationship is still highly significant (.01). 


The use of dwelling units per zone gives rise to 
Similar relationships as population. The correlation is 
poorer with total peak hour work trips (R2=0.862, t=38.0) 
and peak hour choice work trips (R2=0.769, t=27.8) but gives 
an improved relationship with peak hour captive work trip 
production (R2=0.853, t=36.8) over the corresponding 


population based equation. 


Using the number of cars per zone as the explanatory 
variable resulted in the most statistically significant 
equations for total peak hour work lie i) production 
(R2=0.952, +t=67.8) and for peak hour choice work trip 
production (R2=0.970, t=86.8) but gave the poorest fit of 
all for peak hour captive work trips (R2=0.649, t=20.7). The 
level of car ownership is a logical determinant of the 
proportion of total work trips that are choice or captive 
since the availability of a car is the criterion used to 


discriminate between the two groups of trip-makers. However, 
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it is not a logical determinant of the absolute level of 
work trip production. On the contrary, the number of work 
trips made from a zone is a nore logical determinant of the 
number of cars in a zone since each work trip implies a job 
and each job provides the income necessary to buy a car. In 
other words, car ownership is a result of work trips, not a 


cause of then. 


The employed labour force per zone represents’ the 
number of people in a zone that are employed somewhere. 
Since almost every person within the labour force will make 
a work trip at some time during the day, it is to be 
expected that peak hour work trip production is highly 
correlated with this variable. The use of labour force as 
the explanatory variable resulted in the best overall 
performance in modeling choice work trip production 
(R2=0.831, t=33.7) and captive work trip production 
(R2=0.823, t=32.8). However, the use of such equations in 
the forecasting of choice and captive peak hour work trip 
production necessitates the estimatation of zonal levels of 
labour force which is equivalent to estimating the 24-hour 
work trip productions. In other words, using labour force as 
the explanatory variable creates an equivalent problem to 


the one it solves. 


Further development 
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Despite the extremely high correlations between trip 
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production and the independent variables used, none of the 
relationships investigated is entirely satisfactory. Car 
ownership has ae plausible basis for splitting trip-makers 
into the choice or captive groups but no rational basis for 
determining the absolute levels of work trip production. 
Population, dwelling units and labour force are logical 
determinants of work trip production but provide no rational 


means of identifying choice and captive trip-makers. 


Caorpen ais PR ae oe See RR a ee a Eee ape reat ar sy | 

{ CARS PER |{POPULATION| DWELLINGS| LABOUR FORCE| 

i ZONE {| PER ZONE | PER ZONE | PER ZONE | 
SSS ey oe RT 8 Ts ce an > ER RE CrmeT TTT TO Tet ee 
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ee ee es ee ee ee ee 
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The solution to this problem would appear to be a trip 
production eguation which combines car ownership and either 
population, dwelling: units, for: labour; force., it, (3s) not 
possible to develop such an equation directly using linear 
regression techniques since all four of these variables are 
highly colinear. TABLE 4.2 contains the simple correlation 


matrix for these variables and indicates that the 
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correlation between any two of these variables is greater 


than 0.9. 


An alternative is to develop an equation relating the 
proportion of total trip productions in each zone that are 
choice trips to ene varying levels of car ownership 
expressed as cars per person, cars per dwelling unit or cars 
per labour force. In this way, population can be used as the 
determinant of total peak hour work trip productions and the 
best of the above equations can be used to split the total 
productions into the choice and captive groups. TABLE 4.3 (a) 


contains the results of the ensuing regression analyses. 


The data points used to determine these equations were 
weighted according to the number of peak hour work trips 
produced in the corresponding traffic zones. For example, a 
zone producing 105 trips was given a weight of 10 and a zone 
producing 1763 trips was given a weight of 176. Zones 
producing less than 10 trips were omitted from the analysis. 
Without a form of weighting such as this, a zone producing 2 
trips of which 1 is choice and 1 is captive would be given 
equal importance to a zone producing 6000 trips of which 
3000 are choice and 3000 are captive. The choice fraction in 
both cases is 0.5 but the effect of incorrectly estimating 
the choice fraction would be several hundred times as great, 


in terms of trips, for the second zone as for the first. 


The best of the resulting three weighted regression 


equations is that which uses cars per dwelling as the 
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explanatory variable (R2=0.807, t=176.5, DF=7453). This 

produces the following two-stage model for estimating peak 

hour choice work trip productions: 

STAGE 1. TOTAL PRODUCTION = -2.02441+0. 17685*POPULATION 
CHOICE PRODUCTION 

STAGE 2. --- crt tern --- = Q0.435914+0.27167*CARS/DWELLING 
TOTAL PRODUCTION 


FIGURES 4.1 and 4.2 show these two relationships in 


graphical form. 


The overall performance of this two-stage otal can be 
tested by comparing the values of choice production per zone 
as estimated by these two equations with the corresponding 
observed values; such a test indicates an extremely good fit 
(R2=0.926, t=49.1, error=64.7, F=2412, DF=193). Since peak 
hour captive work trips can be determined by subtracting the 
peak hour choice work trips from the total work trips, the 
above two-stage model for estimating choice work trip 
productions implicitly estimates captive work trip 
productions also. fhe overall performance of this implied 
captive work trip model is not as good as for the choice 
model but is stiii highly significant (R#=0.770, t=24.4, 


error=45.2, F=646, DF=193). 


FIGURE 4.2 suggests that a better calibration might be 
obtained by using a non-linear relationship between the 
choice fraction of peak hour trip production and car 
ownership. TABLE 4.3(b) presents the resulting regression 


equations after logarithmically transforming the car 
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ownership variables. The data points used to determine these 
equations were weighted in the same way as for the linear 


equations. 


The best of the resulting non-linear equations is that 
which uses the natural logarithm of cars per dwelling as the 
independent variable. This equation achieves a marginally 
poorer fit than its linear counterpart but is still highly 
Significant (R2=0.776, t=161, DF=7543). The resulting two- 
stage choice production model is: 

STAGE 1. TOTAL PRODUCTION = ~2.02441+4+0.17685*POPULATION 
CHOICE PRODUCTION 

SAGE 2.) > -f- = 0.72199+0.26918*Ln (CARS/DWELL) 
TOTAL PRODUCTION 

The overall performance of this model proves to be 
marginally better (R2=0.928, t=49.8, error=63.9, F=2479, 
DF=193) than the two-stage linear choice production model 
but the implied captive model does not perform as well 
(R2=0.741, t=23.5, error=48.0, F=553, DF=193). However, from 
a logical point of view, the choice fraction of total peak 
hour trip productions would be expected to approach zero as 
the number of cars per dwelling approaches zero, and to 
approach unity as the number of cars per dwelling becomes 
large. FIGURE 4.3 reproduces FIGURE 4.2 with STAGE 2 of each 
model superimposed; the logarithmic form clearly reflects 
these logical expectations more closely than the linear forn 
and for this reason the logarithmic production model is 


likely to give more reliable projections. 
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The two stages of this model could be combined to give 

the following single equation: 
CHOICE PRODUCTION = ~-1.46160 

+0.12768*POPULATION 

-0.54493*Ln[ CARS PER DWELLING] 

+0.04760* (POPULATLION*Ln[ CARS PER DWEL}) 
It should be noted that if population, Ln[cars per dwelling] 
and the composite variable of Ln{cars per dwelling] 
multiplied by population had been included directly in a 
regression equation with choice production per zone, an 
entirely different set of coefficients would have resulted 
and the validity of such a model would be questionable due 


to the effects of colinearity. 


The employment per zone represents the total number of 
people who work in that zone and is therefore eguivalent to 
the number of work trips that will terminate in that zone 
during a 24-hour period of time. It is logical, therefore, 
that total peak hour work trip attractions should be highly 
correlated with employment (R2=0.912, t=49.1). The resulting 
equations for choice and captive trip ends are exceptionally 
good (R2=0.887, +t=42.7 and R2=0.912, t=49.1 respectively) 
considering that the single figure of total employment 
provides no causal basis for splitting trip ends into the 


two groups. It can only be concluded that in 1971 the split 


Af See a ony roarng.0e (7 | ee 
[pet isowh teq = a , ont be sapicik be . 
(pativevh tag oaeejut | Ye ; etaenaas cf > wat bre. 
¢ ak yhtooakh sieeiolad ih bed nots aed xd botany 6 
at ,stos yeq aohtoyhoug soiode ri wlsiupee hobuat Oe 


tertvaeg seed hipow stneisirtsoo 


owt olden aqeaes ad Blinc Lobom, 4 neat 
“ytkawont lop io’, 3 38° 


| bintos sobipstde web tanta 
so. 06cpndand Indod oh? 4 slate ad Bros wag tren yolqas odt a 
oy Jnolsviape vsotenede @i bes goor Jed? mf 08 a af 
enue vade we odnakansd {liv sade eqhip Beem te xodeue “4 
ces0iszedt  Leotpedt 2b 21 .eatt to ia awoken j ee 
vidpid od Disede nagkseaat so qiad Anew a8 “kesg fered ¥ | 
gakdiveos odt oF eos sSTR 0-58) saveyesqaedsite bods 


et céeohsgeven ate abne, Aint ov itagso Sey To) a 


intev! odes r eHey She.oea bos bi “i vat te ye . 


5 


inoayoiqus based! "yer Pony ities 4 
ons ovat ebns ast pakashige tad ain 
shige eds tter ae hina od ye 


ee, iy ‘ 7 ‘ay i) Ay 


| ig wyeN 
(i'n ana hae, ean eats 


RS 


between choice and captive trip attractions was extremely 
consistent from one zone to another. In future years this 
may or may not be true but without some causal relationship 
there is no way of projecting the future split between the 
two groups apart from assuming that it remains the same as 
it was in 1971. TABLE 4.1 gives complete details of these 


equations. 


The equations that have been developed above represent 
the best peak hour trip generation models that can be 
obtained using the stated variables. However, it Should be 
realized that a prerequisite of using models which employ 
such variables is the development of methods to accurately 
determine the future levels of population, employment, 
dwelling units, labour force and car Ownership. Many studies 
conveniently ignore this aspect of trip generation modeling, 
implying by omission that such projections are easy to 
perform and involve insignificant error levels. In practice, 
the projection of such variables on a zonal basis is not an 
easy task; it was indicated above that projecting zonal 
labour force is equivalent to projecting 24-hour work trip 
productions and that projecting zonal employment is 
equivalent to projecting 24-hour work trip attractions. 
Making such projections is by no means error-free and if 
these errors were taken into account when forecasting future 


trip generation levels using equations of the kind described 
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in this chapter, the true accuracy would be considerably 
less than is indicated by the statistical parameters shown 


in TABLES 4.1 and 4.3. 
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This chapter presents possible improvements to the trip 
generation models which were discussed in Chapter II and 
calibrated to Edmonton data in Chapter IV. The need or 
opportunity for improvement is first discussed and following 
this the proposed improvements are presented. The amended 
models are then calibrated to Edmonton data and the results 
of calibration presented in a form that can be compared with 
the results presented in Chapter IV. 


or improvement 


The population and employment based trip generation 
models that were developed in Chapter IV were shown to fit 
the base year data extremely well. However, good calibration 
alone does not necessarily ensure reliable projections and 
it is in this area that these kinds of models are considered 
least satisfactory. The ability of all of these models to 
accurately forecast future trip generation levels is heavily 


dependent on the accuracy of projections of population, 
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employment, dwelling units and car ownership. It was pointed 
out in Chapter IV that such projections are not easy to 
make. The proposed amendments are aimed at overcoming the 
problems that arise from this dependency on the difficult 


projection of certain variables. 


A framework for improvement 


FIGURE 5.1 contains a simplified diagram of the 
relationships between the various measures of economic 
activity. It is postulated that economic activity, due to 
some economic stimulus, results in the simultaneous 
development of both non-residential and residential land. 
The development of non-residential land provides employment 
opportunities and the development of residential land 
provides accommodation, in the form of dwelling units, for 
the inerease in population required to supply the labour 
force to fill the jobs created. The filling of these jobs 
generates work trips between the residential and the non- 
residential developments and the jobs generate personal 
income for those employed. Some of this income may be 
expended by families on the acquisition of automobiles. The 
productivity generated by those persons employed sustains 
the current levels of employment and population, and 
progress may provide additional stimulus for an increase in 


the level of economic activity. 
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A hypothesis for production models 


FIGURE 5.1 shows that dwelling units, population and 
labour force are all measures of residential activity and 
suggests that these variables, and consequently work trip 
production and car ownership, should be highly correlated 


with residential land development. 


This hypothesis is tested in the following manner. The 
development of residential land in each traffic zone is 
subdivided into three categories: (i) low density - which 
includes single family dwellings and duplexes (ii) medium 
density - which includes row nelee: town houses and walk-up 
apartments and (111i) high density - which includes high-rise 
apartments. The use of these three categories results from a 
further hypothesis that people living in each of these types 
of housing have different lifestyles and exhibit different 
levels of work trip production and car ownership. An 
examination of the simple correlation matrix shows a maximum 
correlation of 0.23 between any two of these land use 
variables and therefore all three can be considered 
essentially independent of each other. TABLE 5.1 presents 
the results of the regression analyses performed to test the 


hypotheses. 


The regression equations presented in TABLE 5.1 show 
that the three categories of residential land use, expressed 
as acres of each category within a traffic zone, can be used 


to explain the various levels of dwelling units, population, 
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labour force and car ownership on a traffic zone basis. The 
intercepts associated with all four relationships are of a 
reasonably small magnitude and in all cases the partial 
regression coefficients, which are expressed in terms of 
dwelling units per acre, population per acre, labour force 
per acre and cars per acre, are highly significant; the 
probability of being wrong in assuming that all partial 
regression coefficients are not zero is appreciably less 
than 0.001. The coefficient of determination (R?) is 0.886 
for dwelling units, 0.907 for population, 0.888 for labour 
force and 0.922 for cars per zone, all of which show that 
residential land use, expressed as acres within each of the 
three categories, explains a significant amount of the 
variance in each of these dependent variables. FIGURES 5.2 
and 5.3 present two of these four relationships (population 


and cars per zone) in graphical form. 


In view of the above results, it is not unexpected that+ 
highly significant relationships exist between the three 
categories of residential land use and peak hour work trip 
production rates. Equations have been developed for total 
peak hour work trips, peak hour choice work trips and peak 
hour captive work trips. TABLE 5.1 shows that the partial 
regression coefficients for all three equations are highly 
Significant and also shows that the intercept of each 


equation is extremely small in comparison to the standard 
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error of estimate; the intercept iS a measure of the over- 
estimation that occurs when the equation is applied to zones 
with low levels of residential development. The resulting 
coefficients of determination are 0.890 for total peak hour 
work trip productions, 0.891 for peak hour choice work trip 
productions and 0.793 for peak hour captive work trip 
productions. FIGURE 5.4 contains a plot of surveyed peak 
hour choice work trip productions against the values 


estimated by the regression equation. 


TABLE 5.1 and FIGURES@§) O72) 95.3 and 5.4 support the 
hypothesis that dwelling units, population, labour force, 
car ownership and work trip productions are highly 


correlated with residential land development. 


The second hypothesis that people living within each of 
the three categories of residential land have different 
lifestyles and exhibit different levels of work trip 
production is tested by examining the partial regression 
coefficients of the equations presented in TABLE 5.1. The 
coefficients in each equation are different for the three 
categories of land use anien is to be expected since the 
basis of categorization is housing density; the coefficients 
in the equation for dwelling units indicate that low density 
residential land has an average of 5.6 dwelling units per 


acre, medium density residential land has an average of 18.5 
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FIGURE 5.4 
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INVOLVING RESIDENTIAL LAND USE CATEGORIES 
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dwelling units per acre and high density residential land 
has an average of 38.5 dwelling units per acre. fhese 
densities can be used to transform all other equations by 
dividing the coefficients by the appropriate housing 
density. The coefficients of the resulting transformed 
equations now have units such as population per aetia 4 
unit as opposed to population per acre. A similar 
transformation can be performed by dividing the coefficients 
by those contained in the population equation; this produces 
coefficients having units such as labour force per person 
which represents the labour participation rate. These 
transformed coefficients allow comparisons +o be made 
between the characteristics of people living in each of the 
three residential cateyories on both a housenold and ar 
individual basis. If people living in the three land use 
categories have the same lifestyle and the same levels of 
work trip production and car ownership then, for each of the 
regression equations, the transformed partial regression 
coefficients will be egual. TABLE 5.2 summarizes the 
transformed coefficients and shows that in no equation are 


all three coetficients the same. 


TABLE 5.2 also reveals some interesting differences in 
the characteristics of people living within the three 
residential categories. For example, the average household 
Size ,is,,,4.02 persons, for low density, 2.76 persons for 
medium density and 1.89 persons for high density and _ the 
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TABLE 2-2 
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CHARACTERISTICS IMPLICIT IN RESIDENTIAL 


LAND USE CATEGORIZATION 
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medium density and 0.62 for high density. The trip-making 
characteristics also differ for people within each category, 
both on a household basis and a per person basis. The peak 
hour work trip production rate per person is 0.18 for low 
density, 0.17 for medium density and 0.25 for high density. 
The population based trip production equation developed in 
Chapter IV estimated 0.18 trips per person indicating that 
this equation would overestimate trips from medium density 
developments and would considerably underestimate trips from 


high density developments. 


TABLE 5.2, therefore, supports the hypothesis that 
people living within the three categories of residential 
development have different lifestyles and exhibit different 
levels of work trip production and car ownership. It also 
indicates that the city-wide population cannot be considered 
a homogeneous group with respect to trip-making and that, 
although residential land use may not provide the best basis 
tor categorization, it>can be.»,.used to define, sub-grouvs 
which recognize some of the variation in work trip-making 
characteristics. 
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A hypothesis for attraction models 
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FIGURE 5.1 shows that employment opportunities, and 
consequently work ‘trip: attractions, are measires oF non- 
residential land development. TO test whether non- 


residential land activity can be used to predict the number 
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of employment opportunities ina zone, the development of 
non-residential land in each zone has been subdivided into 
five categories: (i) central area office - which includes 
retail stores and business offices within the downtown area 
(11) university-college - which includes all higher 
education facilities (iii) industrial - which includes all 
kinds of manufacturing and wholesale facilities 
(iv) commercial - which includes regional shopping centres 
and commercial strip development and (v) institutional - 
which includes schools, hospitals and nursing homes. An 
examination of the simple correlation matrix shows a maximun 
correlation of 0.15 between any two of these five land use 


variables. 


ee ee Se oe ae ee Ge ee eS Se aro ome GED aes ae 


Regression analyses were carried out using (i) total 
employment per zone (11) total peak hour work trip 
attractions per zone (i111) peak hour choice work trip 
attractions per zone and (iv) peak hour captive work trip 
attractions per zone as the dependent variables and the 
quantities of non-residential land within each of the five 
categories in each traffic zone as the independent 


variables. TABLE 5.3 presents the resulting equations. 


All four regression equations are significant at the 
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-01 level based on the overall F-statistic. However, in all 
four equations, the intercepts and the standard errors of 
estimate are high, even though, in comparison to the mean 
values of the dependent variables On a zonal basis and the 
standard deviations about these means, the intercepts and 
Standard errors appear less unreasonable. In this depede, 
all four equations have room for improvement and the most 
appropriate way of doing this would be to further 
disaggregate the non-residential land in each zone by 
introducing additional land use categories; central area 
office land, in particular, is in need of such additional 
disaggregation. Unfortunately, current limitations in data 


availability preclude this method of modification. 


The t-statistics indicate that most coefficients in all 
four equations are significant at the .001 level although in 
three of the four equations the coefficient for commercial 
land is not significant at the 0.1 level. These equations 
would be considered statistically more significant if 
commercial land were evennded from the regression analysis. 
The coefficients of determination are 0.830 for total 
employment, 0.714 for total peak hour work trip attraction, 
0.680 for peak hour choice work trip attraction and 0.763 


for peak hour captive work trip attraction. 


It is apparent that more appropriate categorization of 
non-residential land use could possibly improve the 


calibration of the trip attraction equations, Nevertheless, 
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the equations in TABLE 5.3 provide considerable insight into 
the characteristics of work trip attractions and show that 
even the present level of disagyregation helps to explain 
some of the. variation ain such characteristics. In 
particular, these equations show that the employment density 
varies considerably from a low value of 6 jobs per acre for 
industrial land to a high of 271 jobs per acre for central 
area office. In addition, the percentage of these jobs which 
generate a work trip during the peak hour varies from a low 
of 31% for commercial land to a high of 71% for industrial 
land and the percentage of these peak hour trips that are 
choice trips varies from 63% for central area office to 89% 


for industrial. TABLE 5.4 summarizes these characteristics. 


TABLE 5:4 
CHARACTERISTICS IMPLICIT IN NON-RESIDENTIAL 
LAND USE CATEGORIZATION 


(3530 4 cS ache a. PE Ae a re q 
J EMPLOYMENT| PERAK HOUR |PERCENT |PERCENT{PERCENT| 
{ PER ACRE | ATTRACTION] OF TOTAL| CHOICE[CAPTIVE] 


a a ae 
| CENTRAL | 271 | 1D | 56% | 63% | ey i 
| OFFICE | l 
| | | 
JUNIVERSITY | 147 | 52 { 36% | 63% | 37% | 
ij =COLLEGE | { | | | | 
: | 
| INDUSTKIAL | 6 | 4 | 71% | 89% | 11% | 
| 
| | | | 
{COMMERCIAL | 17 | 2) i 31% | 81% | 19% | 
l ! | 
| | | 
DPINSTEVUT= — | 6 | u | 67% | 12h | 28% | 
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Summary 


The models developed in Chapter IV based their 
forecasting ability on variables such as population, 
dwelling units, car ownership and employment. This 
dependency on variables that are difficult to project was 
considered the major disadvantage of these kinds of models. 
This Chapter has developed models which relate trip 
generation directly to variables such as the quantities of 
residential and» non-residential land development, and has 
presented these as possible improvements over the population 
and employment based models since the dependency on certain 
variables has been eliminated. A by-product of these 
improved models has been a set of equations relating 
population, dwelling units, car ownership, labour force and 
employment to the land use variables; these equations allow 
the pooulation aad employment based models to become 
functional tools. Chapter VI describes a Simulated 
forecasting experiment in which the performance of the land 
use based models presented in this Chapter is compared with 
the performance of the population and employment based 


models developed in Chapter IV. 
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Introduction 


Chapter II reviewed the kinds of trip generation models 
that have been employed previously in Edmonton and elsewhere 
in North America, and Chapter IV verified ani calibrated 
models of these types using data collected in Edmonton in 


1971. 


Chapter V presented trip generation models based on the 
quantities of the various categories of residential and non- 
residential land uses. These models also were verified and 


calibrated to data collected in Edmonton in 1971. 


This Chapter compares the population and employment 
based models developed in Chapter IV with the land use based 
models developed in Chapter V and evaluates their 
performance in an experiment designed to simulate the 


forecasting process. 


In Chapter IV, a total of 39 production and attraction 
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models were developed to forecast the number of vehicular 
work trips that would be generated, by each traffic zone, 
during the morning peak hour. Each model was designed to 
forecast the choice group of work trips separately from the 
captive group. These models based their forecasting ability 


on either one or two of the following independent variables: 


(i) population per zone 

(11) dwelling units per zone 
(iii) employed labour force per zone 
(iv) cars owned per zone 

(v) cars per dwelling 

(vi) cars per person 

(vii) cars per labour force 
(viii) Ln(cars per dwelling) 
(ix) Ln (cars per person) 

(x) Lno(cars per labour force) 
(xi) employment per zone 


Based on the ‘goodness of fit of calibration and the 
rationality of the formulation, the following production and 
attraction models are considered to be the best of the 
population and employment based trip generation models 


developed in Chapter IV: 


(i) total production model 


TOTAL PRODUCTION =-2.02441+0.17685*POPULATION 
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(ii) choice production model 

CHOICE PRODUCTION 

Sa ee nara i ae ae = 0.72199+0.26918*Ln[ CARS PER DWELLING } 
TOTAL PRODUCTION 

(111) captive production model 

CAPTIVE PRODUCTION 

------ ween enn nee = 0.27801-0.26918*Lnf CARS PER DWELLING J 
TOTAL PRODUCTION 

(iv) total attraction model 

TOTAL ATTRACTION = 39.39746+0.4396 0* EMPLOYMENT 

(v) choice attraction model 

CHOICE ATTRACTION = 48.40175+0.28548*EMPLOYMENT 


(vi) captive attraction model 


CAPTIVE ATTRACTION = ~18.55257+0.15579* EMPLOYMENT 


The nodels developed in Chapter V_ related trip 
generation to the guantities of land within the following 


land use categories: 


(i) low density residential land 
(ii) medium density residential land 
(111) high density residential land 
(iv) central area office development 
(v) university-college land 

(vi) industrial land 

(vii) commercial land 

(viii) institutional land 


The land use based production models are presented in 


TABLE 5.1 and the attraction models in TABLE 5.3. 
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Since the purpose of trip generation models is to 
provide a rational means of forecasting trip productions and 
attractions to some point in the future, the most realistic 
method of evaluating the performance of alternative models 
is to use each model in turn to forecast the levels of trip 
generation for some future year. However, the actual future 
generation levels will not be known until the forecast year 
is reached, so that this method provides no immediate way of 


determining which models are the most accurate. 


The actual generation levels are known for 1971. An 
alternative, then, is to simulate the forecasting process by 
using each model to forecast productions and attractions for 
the year 1971 using only that information that would have 
been available at some time, for example 10 or 15 years, 
prior to 1971. The performance of each model can then be 
immediately determined by comparing the 10 to 15 year 
projections of productions and attractions against the 


actual levels measured in 1971. 


The following method has been selected for comparing 

the performance of trip generation models: 
(i) FIGURE 6.1 indicates the traffic zones that were 
fully developed sometime prior to 1961 and those 


zones that were developed between 1961 and 1971. 
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(11) All models will be recalibrated using only the 
data corresponding to zones developed prior to 
1961. It will be assumed that the data collected 
for these zones in 1971 are representative of what 
existed in 1961. 

(iii) The recalibrated models will be used to forecast 
trip production and attraction levels for zones 
that were developed between 1961 and 1971. 

(iv) These forecasts will be compared with the 


production and attraction levels measured in 1971. 
{ 


The population and employment based models require 
projections of population, employment, dwelling units and 
cars per zone, since their forecasts of trip generation are 
based on these variables. All four variables will be 
projected from 1961 to 1971 using land use based equations 
of the type shown in TABLES 5.1 and 5.3. These equations 
will be recalibrated to data corresponding to those zones 


developed prior to 1961. 


TABLES 6.15. [6.2 vanda.b.3 contain; 2the results of 
recalibrating all models and equations to data corresponding 
+o the 162 traffic zones developed prior to 1961. Although 
162 zones were developed prior to 1961, only 88 were used in 
the recalibration of production models and 89 in the 


recalibration of attraction models. It was noted in 
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Chapter III that the City of Edmonton Planning Department 
advized of possible inaccuracies in the land use data; 
closer scrutiny of these data on an individual zone basis 
identified some of the inaccuracies. For example, zone 0406 
has a population of 356 Een but 1s recorded as having no 
residential development and zone 0701 has a total employment 
of 150 yet is recorded as having no non-residential 
development. All zones such as these have been excluded from 
the recalibration of models and equations. Recalibration has 
changed the coefficients of all equations; the majority of 
changes are within the expected range of +5% and the 
exceptions to this involve coefficients that are considered 
statistically insignificant in one or other equation, or 
small coefficients where a small absolute change has 
resulted in a large percentage change. Overall, the 
statistical significance of the recalibrated equations is 


equivalent to that of the original equations. 
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The resulting six peak hour vehicular work trip 
production models are as follows. 


MODEL 1 


i} 


TOTAL PRODUCTION ~7.84912+0.17900*POPULATION 


" 


48.60126 
+ 3.70378*LOW DENSITY RESIDENTIAL LAND 
+ 8.77042*MEDIUM DENSITY RESIDENTIAL LAND 
+15.79355*HIGH DENSITY RESIDENTIAL LAND 
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Awa ee ee ---- = 0.71227+0.27288*Ln[ CARS PER DWELLING ] 


MODEL 4 
CHOICE PRODUCTION = 36.09985 
+ 2.97354*LOW DENSITY RESIDENTIAL LAND 
+ 4,78611*MEDIUM DENSITY RESIDENTIAL LAND 
+ 9,65923*HIGH DENSITY RESIDENTIAL LAND 
MODEL 5 


ao pe ae a ons re pa a = 0.28773-0.27288*Lnf{ CARS PER DWELLING } 


CAPTIVE PRODUCTION =12.49855 
+ 0.73026*LOW DENSITY RESIDENTIAL LAND 
+ 3.98435*MEDIUM DENSITY RESIDENTIAL LAND 
+ 6.13451*HIGH DENSITY RESIDENTIAL LAND 
MODEL 1 will be compared with MODEL 2; MODEL 3 will be 


compared with MODEL 4; and MODEL 5 will be compared with 


MODEL 6. 


APPENDIX B contains the calibration statistics for 
these six production models. TABLE B.1 compares’ the 
calibrated values, for each of the 88 zones used in the 
recalibration, for MODEL 1 and MODEL 2. This TABLE shows 
that both models exhibit considerable calibration error on 
an individual zone basis, and that the combined calibration 
error for the 88 zones used in recalibration amounts to 8268 
trips for MODEL 1 and .7760.+trips for MODEL 2. .fhese. two 
numbers result from summing the absolute values of all 


deviations from the actual zonal production levels, and 


anal (yan 

i i m 
en i ala er 
nie ins i | fai ; iu ; 


“t 
Pein |, 


if 


qwad, Jar mNadtes 


% AOLaaH ites ey 
(HAS AUTOR Met ih 


nected oe ee 


i 
fo, i 


OMhd opto ha ines coats | 


(4. wares er * see MEEDBR EE 
Waa # mEEVE DLS cai 


WAS saTO pCa ‘a 


tyik fbaigguwe> bth ie _ hte bas . eon 6 | 


sot Boieetonee aot tend £ksD eit eatnd ion - raat A a 

eit eeretaos, .4 GIRAT -efebou colsauboa8 se fy “ ! ia | 
ad? ad Spek aetoe 88 eke 29 dps 20%. Boece Bo 
awpde 20K4 HEP? #f ¢ | Yaad bao | 22008 + oh ster 
io 4oure sot tectth ee ahd gab i asco sae 
soivstmitias beardinod ea) Yodt bow veiase 

ease od simuome daittaidhtedes ud foua 
ows gaedt 6S radom. 103 ein part 
{Le Jo, Pen tey, eae} ae ae 4 
bain, yelaved nok 22uBp obs 


90 


represent the the number of trips that have been incorrectly 
reproduced by the models. As a percentage of the total trips 
produced in all 88 zones, these calibration errors can be 


expressed as 16% for MODEL 1 and 15% for MODEL 2. 


TABLE B.2 compares the calibrated values for MODEL 3 
and MODEL 4 The total calibration errors for these two 
models amount to 6142 trips for MODEL 3 (17%) and 5662 trips 


for MODEL 4 (15%). 


The calibration errors for MODEL 5 and MODEL 6 are 
presented in TABLE B.3. The total errors for these models 
are 3321 trips for MODEL 5 (25%) compared with 3218 trips 


for MODEL 6 (24%). 


In all cases, therefore, the models which relate trip 
production directly to the quantities of residential land 
development (MODELS 2, 4 and 6) exhibit slightly better 
calibration than those models which relate trip production 


to population and car ownership (MODELS 1, 3 and 5). 
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The land use data for the 72 zones developed between 
1961 and 1971 was inspected in the same way as the land use 
data for the 162 zones developed prior to 1961. All zones 
exhibiting contradictory information, together with zones 
that are primarily non-residential, were removed from this 


data set for the purpose of forecasting trip productions. 
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For example, zone 0633 has a total trip production of 228 
but is recorded as having no residential development and 
zone 0845 is exclusively non-residential. The six trip 
production models, calibrated to zones developed prior to 
1961, were used to forecast rbd uation levels for the 37 


zones that remained after this operation. 


TABLE 6.4 presents the total peak hour vehicular work 
trip production levels forecast by MODELS 1 and 2 for these 
37 zones. MODEL 1 overestimates the total of 19536 trips 
produced in these 37 zones by approximately 400 trips; 
MODEL 2 underestimates the total by approximately 250. The 
individual zonal deviations from the production levels 
measured in 1971 vary widely from zone to zone. The sum of 
the absolute values of these deviations totals 3165 trips 
for MODEL 1 and 2832 trips for MODEL 2. Expressed as a 
percentage of the total trips produced in all 37 zones, 


these errors amount to 16% for MODEL 1 and 14% for MODEL 2. 


TABLE 6.5 presents the peak hour choice vehicular work 
trips forecast by MODELS 3 and 4. Both models underestimate 
the overall 16419 choice trip productions by approximately 
1500 trips. The sum of the absolute values of the individual 
zonal deviations totals 2866 trips for MODEL 3 and 2808 
trips for MODEL 4. Both of these error levels represent 


approximately 17% of the total choice trip productions. 


TABLE 6.6 compares the peak hour captive vehicular work 


trip levels as forecast by MODELS 5 and 6. Both models 


~~ y ¥ “7 i ait . 7 7 
Lt ia Ba a i hp a, R x m } AN vb 
* vl e as \ , ; | 
i} ss a 7 


| aah. ae oy a fgrabycanis . iv ri Hor 
oF zobeg | bo ps od 

(E oar 202 eLoved: ‘oat Soupong sesrered. ; 

“aot bees 2nd hs | 


RL Aine an he Pee | 
dzov pahookdey wor, toeq tata oft ete ea 
oned’ wok £ bes n aam0oH yd Jesoevet ele 
adivrx? GEOR) 3a sever ous eR 2 
sagite Oba yfadanixozgge i Yo eenos re on bis 


ode «eee "eta tatagte Wid “Estos ont / 


aqvinr Gare eletgr adoiteiv a6 Speds, Xo comiay, e9 
cs an howeerged, vO ASO aot, egsz? Seas baat 
. giesos TE kis al batoboaq edtay Lasoe page 6 


S AHaDH ot ROP bus F FHOB) aot RAL oF, ravens. vermis 6 
lh are 


sail a : 


izov  yelvolidsy adiiodn: tvod Apeq ods ssaoainag 208 Si 7 
=i: et ai; 


Vie 
viestwixzosgas yd saa iia qitt votody * nar it i ate 


otowttabusbay elobos W908 .# has & 2a8ag0R 28a 


g00% bos & ane0H aa: aqiad daes PRE p o 
fioverges efeved, adage eredt, to, 4904), 4 400K 
\.,  sapok zed besa) aias epiodn £aso2 bash a 


408 4 attolaow’ oltges. Njok se 6a no 
aieto Lm idea’ oil.’ ‘le & re i | 


TABLE 6.4 
COMPARISON OF TOTAL PEAK HOUR VEHICULAR WORK TRIP 
PRODUCTIONS AS ESTIMATED BY MODEL 1 AND MODEL 2 
[ep ORE ar ae i ee Te gh | omar ee See apy See ye ee ae ae | 
| | ESTIMATED 1971 {| ACTUAL | ESTIMATION ERROR 
( ZONe VETOTAUORSARMHOUR TT) 197) joe 
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RGM OER Pte poner ee 
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TABLE 6.5 


COMPARISON OF PEAK HOUR CHOICE VEHICULAR WORK TRIP 
PRODUCTIONS AS ESTIMATED BY MODEL 3 AND MODEL 4 
Si apie Bar prea Tali cake Chiesa ca CE A EE 
| ESTIMATED 1971 | ACTUAL | ESTIMATION ERROR l 
‘GONE JPRAR HOUR CHOTEES|)) (1971 © pees e 
| PRODUCTIONS | TRIP | MODEL 3. | MODEL 4 4 
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TABLE 6,6 
COMPARISON OF PEAK HOUR CAPTIVE VEHICULAR WORK TRIP 
PRODUCTIONS AS ESTIMATED BY MODEL 5 AND MODEL 6 
€ SeadiethcU LMT MALAI At RGAE EL AC 1 LI GM SCADA ME. UY RRA GE Ce, cc IE CT REDE a 
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grossly overestimate the captive trips produced, both on an 
individual zonal basis and for the 37 zones in total. 
Misallocation of captive trip productions by MODEL 5 amounts 
to 61% of the total captive trips; misallocation by MODEL 6 


amounts to 51%. 


in summary, none of the six production models 
accurately forecasts the production levels on a traffic zone 
basis. However, the level of acceptibility is slightly 
higher for the three models which base their forecasts 
directly on the quantities of residential land development 
CAODELS: 2, “4 and 6) than at -is tor MODELS 1, 3° and'-5 whach 
relate trip production to zonal population and car 
ownership. 


The resulting attraction models 
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The six resulting peak hour vehicular work trip 


attraction models are as follows. 
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TOTAL ATTRACTION 
MODEL 8 
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5-58901* INDUSTRIAL 
10.25057*C OMMERCIAL 
2.51751* INSTITUTIONAL 


TOTAL ATTRACTION 
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CHOICE ATTRACTION = 103.59509 

90. 08992*CENTRAL OFFICE 

34, 33693* UNI VERSITY-COLLEGE 
4. 923863* INDUSTRIAL 
8.80017*COMMERCIAL 

2. 00480* INSTITUTIONAL 


+++ + + 


CAPTIVE ATTRACTION 


-~24.23750+0. 15147 * EMPLOYMENT 
MODEL 12 
CAPTIVE ATTRACTION = 31.89322 
#52.95253*CENTRAL OFFICE 
+20.07269*UNIVERSITY-COLLEGE 
+ 0.66054* INDUSTRIAL 
+ 1.45272*COMMERCIAL 
+ 0.51189* INSTITUTIONAL 
MODEL 7 is compared with MODEL 8; MODEL 9 is compared with 


MODEL 10; and MODEL 11 is compared with MODEL 12. 


APPENDIX C contains the calibration statistics for 
these six attraction models. TREUE (Ce presents the 
calibrated values, for each of the 89 zones used in the 
recalibration, for MODEL 7 and MODEL 8. These values show 
that both models exhibit considerable error on an individual 
zone basis, the deviations ranging from -56% to +291% for 
MODEL 7 and from -61% to +201% for MODEL 8. The sum of the 
absolute valwes of these zonal deviations amounts to 19119 
trips ior “MODEL 7 ands/45549 trips «for MODELS. which, 
expressed as a percentage of the total 50003 attractions, 


represent 38% and 30% error respectively. 


TABLE C.2 presents the calibrated zonal choice 


attraction levels for MODELS 9 and 10. The zonal deviations 
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are of a similar magnitude to those for MODELS 7 and 8, and 
the overall calibration errors, expressed as a percentage of 
the total 36465 choice attractions, amount to 40% for 


MODEL 9 and 31% for MODEL 19. 


The calibration errors for MODELS 11 and 12 are 
presented in TABLE C.3. The overall calibration errors for 
these two models, expressed as a percentage of the total 
13538 captive attractions, amount to 39% for MODEL 11 and 


32% LOL MODEL 12. 


The calibration results of these six trip attraction 
models are disappointing. TABLES 6.1 and 6.3 show that the 
coefficients of determination (R?) are all high indicating 
that the relationships between trip attraction and the 
independent variables are strong. However, in all cases the 
intercepts are extremely high as are the standard errors of 
estimates, both of which are considered to be primarily 
caused by poor land use data. These models, in their present 
form, are considered inadequate for the projection of trip 
attraction levels on a zonal basis. The following section 
presents the results of attempting to use them for this 


purpose. 


Employment in Edmonton is concentrated into ae few 
traffic zones as shown in FIGURE 3.6 on page 41, and most of 


these employment zones were fully or partially developed 
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prior to 1961. Those zones developed between 1961 and 1971 
included very few new employment areas; most non-residential 
development during this ten-year period took place in zones 


already partially developed prior to 1961. 


Consequently, the chosen method of comparing trip 
generation models is not as applicable to attraction models 
as it 1s to production models. Only 24 zones developed 
bet ween 1961 and 1971 exhibit any appreciable non- 
residential development and many of these are primarily 
residential zones in which neighbourhood shopping centres 
constitute the non-residential development. As such, the 
employment ilevels in these zones are low; the average 
employment level is less than half the average of those 
zones developed prior to 1961 and for many zones it is less 
than the intercept term in the trip attraction models. It is 
not unexpected, therefore, that all six attraction models 
overestimate the trip attraction levels for the zones 


developed between 1961 and 1971. 


TABLE 6.7 presents the totai peak hour vehicular work 
trip attraction forecasts by MODELS 7 and 8. Both models 
grossly overestimate the total of 6010 trips attracted by 
the 24 zones; MODEL 7 overestimates by approximately 3000 


trips and MODEL 8 by almost 4000 trips. 


This overestimation is carried through to MODELS 9 and 
10 and to MODELS 11 and 12. TABLES 6.8 and 6.9 present the 


forecasts for these models and show that they overestimate 
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TABLE 6.7 
COMPARISON OF TOTAL PEAK HOUR VEHICULAR WORK TRIP 
ATTRACTIONS AS ESTIMATED BY MODEL 7 AND MODEL 8 

cr ih NMm eae Af a-ocan\ a Cars a Ves ont MRE eEcT ATES TEN, TS Te Gk eee Cae ce PEER EAT Cec ooe BAL DE ae qV 
| { ESTIMATED 1971 | ACTUAL | ESTIMATION FRROR l 
[ ZOU. GPTOTATORRAK HOUR |) 1971 © ———__ 4 
| |} ATTRACTIONS | PIP | MODEL 7 | MODEL 8 | 
Re 2h nC T= 
| MODEL 7] MODEL 8{ IONS | TRIPS| % | TRIPS] % | 
pone f ef eh fd 
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P 272 | 387 | 339 | 16S. 4 239 | 16a, 494 | 429) 
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{|TOTALS| 9190 | 9909 | 6010 | 3180 | 524 3911 4 654 
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TABLE 6-8 
COMPARISON OF PEAK HOUR CHOICE VEHICULAR WORK TRIP 
ATTRACTIONS AS ESTIMATED BY MODEL 9 AND MODEL 10 
Gerace estes ae ee eee ere src UG BED a a i "eatin en Tee ea a A aa | | 
| {| ESTIMATED 1971 | ACTUAL | ESTIMATION ERROR 
[ ZONE APEAK HOUR CHOTCEa 9 9971 (-————_.—. —__. a4 
| 1 ATTRACTIONS | TRIP |. MODEL 9 {+ MODES, 10 | 
PARI EY MIS AN greene INE PII T = lprmces tee stn ee tegen 
| MODEL 9|{MODEL 10] IONS | TRIPS} % {| TRIPS] % | 
fmf nf pe pe epee 
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eee eae 244 | 198 143°]. 1341. 295] 85 4 7754 
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TABLE 6-9 
COMPARISON QF PEAK HOUR CAPTIVE VEHICULAR WORK TRIP 
ATTRACTIONS AS ESTIMATED BY MODEL 11 AND MODEL 12 
r Siciaas ated Masia it sep ae, Ga LEE Mine ae rEs Tole et nae 26 et cee ES. Gey gS ES 
l | ESTIMATED 1971 | ACTUAL | ESTIMATION ERROF l 
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| [MODEL 11]MODEL 12] IONS | TRIPS| % | TRIPS] % | 
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the individual zonal attraction levels by as much as six 


times the actual value. 


In summary, none of the models has been shown to 
forecast the measured zonal attraction levels accurately. 
The forecasts are considered totally unacceptable and 
preclude any statement regarding the relative performance of 


individual trip attraction models. 


Summary 


This Chapter has attempted to simulate the forecasting 
process by calibrating six production models and six 
attraction models to data corresponding to traffic zones 
developed prior to 1961, and then using these models to 
forecast the production and attraction levels for zones 


developed between 1961 and 1971. 


Two kinds of models have been considered: (i) models 
which base their forecasting ability on variables such as 
population, dwelling units, car ownership and employment and 
(ii) models which relate trip generation directly to 
residential and non-residential land development subdivided 
into various land use categories. The intent of this Chapter 
was to compare the performance of these two kinds of models 
when used to forecast peak hour vehicular work trip 
productions and attractions within the following three 
groups: (i) total trips (ii) choice trips and (iii) captive 


trips. 
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None of the trap production models performed 
acceptably. Although both MODELS 1 and 2 accurately 
reproduced the total trip productions for the combined 37 
forecast zones, the individual zone forecasts deviated from 
the actual values by an average of 15%. MODELS 3 and 4 
underestimated the choice trip productions by an average of 
17% and consequently MODELS 5 and 6 grossly overestimated 


the captive trips by more than 50%. 


Overall, the three production models which relate trip 
production directly to residential land development 
(MODELS 2, 4 and 6) performed slightly better than the three 
which base their forecasts on population, dwelling units and 
car ownership. It should be noted that the population, 
dwelling unit and car ownership levels used in MODELS 1, 3 
and 5 were projected from 1961 to 1971 using land use based 
equations similar to the trip production equations used in 


MODELS 2, 4 and 6. 


None of the Prep attraction models performed 
acceptably. All models grossly overestimated both the total 
attractions for the combined 24 zones within each of the 
three groups of trips, as well as the individual zonal 
forecasts. Much of this overestimation can be explained by 
the fact that the structure of the 24 zones developed 
between 1961 and 1971 is considerably different to the 
structure of the zones used to calibrate the models. All 24 


zones are situated on the periphery of the City and 
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therefore contain no central area office development; also, 
there is no university-college development within these 
zones. Consequently all non-residential development falls 
within the remaining three categories: industrial, 
commercial and institutional. These three categories have 
low trip attraction rates per acre and also are the 
categories whose partial regression coefficients have the 
least significance and hence the greatest error. The low 
trip attraction rates resuit in the intercept term 
contributing a significant portion of any estimate made by 
the models; the high standard errors of the regression 
coefficients result in high errors in that portion of the 
estimate attributable to the land usage. This explanation 
applies to both kinds of models within the context of this 
comparison since the employment projections used in the 
employment based attraction modeis were estimated from a 


land use based equation. 


The foregoing provides an explanation for the 
inaccuracies in the attraction estimates but does not 
provide a solution to the underlying problem of calibrating 
models to zones of one structure and then applying these 
models to zones of a different structure. Since this problem 
is not an exclusive function of the simulated forecasting 
experiment, but a realistic one that is likely to be 
encountered in the actual forecasting process, Chapter VII 


discusses some possible ways of overcoming it. 
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CHAPTER VII 


=e See ae ee ce ee — «= oe 


The objective of this thesis has been to develop 
appropriate trip generation models for use in forecasting 


future travel patterns in Edmonton. 


Chapter II -has reviewed the kinds of trip generation 
models that have been employed previously in Edmonton and 
elsewhere in North America, and Chapter IV has presented the 
results of verifying and calibrating these kinds of models 


to data collected in Edmonton in 1971. 


All of these models were shown to fit the 1971 eRe 
extremely well. However, these kinds of models base their 
ability to forecast trip generation levels on variables such 
as population, dwelling units, car ownership and employment, 
all of which are as difficult to forecast to some point in 
the future as trip generation itself. This dependency on 
variables that are difficult to forecast is considered to be 


a major disadvantage of these kinds of models. 


Chapter V has presented a set of models which relate 


trip generation to residential and non-residential land 
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development. These models also were verified and calibrated 


to data collected in Edmonton in 1971 and were shown to have 


several advantages as follows: 


(i) 


(11) 


people living within different categories of 
residential land development as well as people working 
in different categories of non-residential land 
development were shown to exhibit Significantly 
different work trip-making behaviour. In other words, 
the city-wide population cannot be considered a 
homogeneous group with respect to work trip-making; 
homogeneity is an assumption that is implicit in 
certain of the population and employment based models 
developed in Chapter IV. It can be concluded that 
although the land use categories selected for the 
development of land use based models may not be the 
most. appropriate, this form of categorization 
recognizes and takes into account the non-homogeneity 


of the work trip-making population. 


the models which relate trip generation to the 
quantities of various categories of land use obviate 
the need for a separate process for forecasting the 
zonal levels of population, dwelling units, car 
ownership and employment. In fact, as a by-product of 
the land use based models, equations were developed 


relating variables such as population and employment to 
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the same quantities of the various land uses. In 
addition, land use based models are considerably more 
compatible with the methods currently employed in 
Edmonton for the preliminary design of proposed 
residential and non-residential land development and, 
as a consequence, Land use information can be obtained 
at a very early stage in the design process. Land use 
based models, therefore, have a definite advantage over 
population and employment based models since they not 
oniy eliminate the dependency on variables that are 
difficult to forecast but also allow proposed 
developments and redevelopments to be evaluated from a 
transportation viewpoint at a much earlier stage in the 


process. 


Chapter VI simulated the forecasting process by 
calibrating population and employment based models of the 
kind developed in Chapter IV, and land use based models of 
the kind developed in Chapter V, to data corresponding to 
traffic zones developed prior to 1961, and then using these 
models to forecast the production and attraction levels for 
zones developed between 1961 and 1971. This process allowed 
the forecast productions and attractions to be compared with 


the actual values measured in 1971. 


This experiment showed that the land use _ based 
production models performed better than the population based 


models, although none of the models predicted the zonal 
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production levels accurately. 


Comparing the trip attraction models within the 
Simulated forecasting experiment produced disappointing 
results. None of the models was able to predict accurately 
the combined attraction levels for all zones and in addition 
the individual zonal attraction levels were overestimated in 


some instances by a factor of six times the actual values. 


The experiment did, however, identify the major cause 
of these poor results. It is considered that the underlying 
problem is that of calibrating models to zones of one 
structure and then applying these models to zones having a 
substantially different structure. This problem is not 
considered to be an exclusive function of the simulated 
forecasting experiment but a realistic one which is very 


likely to be encountered in the actual forecasting process. 


It is recommended, therefore, that future research 
investigate possible solutions to this problem and the 


following points are offered as a guide to such research: 


(a) The characteristics of new non-residential zones are 
those of low employment density, the development being 
predominantly industrial, commercial or institutional. 
Consequently, when using the land use based models in 
their present form, the intercept term of each equation 
contributes a major portion of any estimate and the 


remaining portion of the estimate, contributed by the 
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land usage, has a high degree of error since the 
coefficients of the predominant land use categories 
within the new zones have low levels of significance. 
This situation stresses the need for accurate land use 
data with which to calibrate the models; accurate data 
could increase the reliability of the coefficients and 


may reduce the magnitude of the intercepts. 


Separate models could be developed based on zones 
containing only industrial, commercial and 
institutional land development. These models would be 
more applicable to newly developed non-residential 
zones. An extension of this approach would be to 
develop a separate model for each of the land use 
categories; different sets of categories also could be 
considered. This approach, however, would require that 
trip end data be categorized according to the 
destination land use rather than by the destination 


traffic zone. 


With the varying size of traffic zones, together with 
the concentration of a large portion of the employment 
into a few of these traffic zones, employment and trip 
attraction levels typically range from extremely low 
values to extremely high values with noticeable gaps in 
the middle of this range. By expressing the quantities 


of the various land uses as a fraction of the total 
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developed land within each zone, the effects of varying 
zone size car be removed completely. This approach 
might reduce the magnitude of the intercepts and may 


increase the reliability of the coefficients. 


The above suggestions might also improve the accuracy 
of trip production estimates for newly developed zones 
although the problem appears to be less prevalent with the 


production models. 


Other methods are available to reduce the inaccuracies 
associated with production and attraction estimates for 
redeveloped, as opposed to newly developed, zones. One 
method involves the adjustment of the coefficients 
associated with each land use category so that the intercept 
term is substantially reduced or even removed completely. 
This method is applied to each existing zone in turn, 
resulting in a separate set of equations for each traffic 
zone which exactly reproduce the data used for calibration. 
When making individual zonal forecasts, any redevelopment 
that has occured in that zone is assumed to have similar 
characteristics to existing development within the 
corresponding land use category. This assumption of zonal 
homogeneity within each land use category is considered more 


realistic than one of city-wide homogeneity. 


The question of stability of coefficients over time has 
not yet been addressed. All models developed in this thesis 


have been calibrated to 1971 data and the coefficient: 
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relate to that point in time only. The final recommendation 
of this thesis is that these models be recalibrated to data 
collected in 1976 and an analysis be made of the changes 
that have occured in the coefficients during this five year 
period. Such an analysis may allow the enhancement of these 
trip generation models by the inclusion of a time adjustment 


factor for each coefficient. 
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